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THE BULLHEAD COTTUS GOBIO, A VERSATILE AND 
SUCCESSFUL FISH 
C . A . M I L L S & R . H . K . M A N N 
The bullhead or miller's thumb, Cottus gobio L . , is a small bottom-
dwelling member of our fish communities. It often passes unnoticed 
because of its cryptic colouration, which can vary rapidly in accordance 
with its background and thus help it evade the attentions of its piscine 
and avian predators. The bullhead is made more inconspicuous by its 
crepuscular habits. It is most active at dawn and dusk, but during day-
light it seeks shelter in crevices and under stones. Adaptations to its 
habitat include the absence of a functional swim-bladder and eyes posi-
tioned on the top of its head. Typically the bullhead is a fish of stony 
streams and the sand or gravel margins of large rivers and lakes. Except 
during the spawning season it is a solitary animal, driving off other 
bullheads from its territory to which it shows a well-developed homing 
instinct (Smyly 1957). The bullhead is a member of a genus which has 
invaded fresh waters in many parts of the world. Its North American 
relatives are known collectively as sculpins. In Europe and Scandinavia, 
a close relative C. poecilopus Heckel overlaps parts of the wide distribution 
of C. gobio. This ranges from Greenland and the Arctic areas of Scandina-
via in the north to Italy in the south and eastwards into the USSR. 
Somewhat surprisingly the bullhead is absent from Ireland and most of 
Scotland but this is probably not because of any inability to survive in 
these countries. Instead, as Wheeler (1977) argues, only those freshwater 
fish that are tolerant of sea water occur naturally in areas which were 
covered by an ice sheet until the end of the last ice age 7500 years ago and 
which were then cut off when the sea level rose. Unlike species such as 
roach, Rutilus rutilus (L.), pike, Esox lucius L . , and perch, Perca fluviatilis 
L . , the bullhead is unlikely to have been re-introduced by man because it 
lacks economic or angling value apart from occasional use as livebait. In 
England and Wales, the bullhead is found in the majority of water bodies, 
both still and flowing, ranging from the productive chalk streams of sou-
thern England to the high-altitude soft-water becks in the Lake District 
and on the Pennine moors. 
This paper describes a series of studies carried out, principally by the 
F B A , on the ecology of the bullhead. These studies highlight the import-
ant role this species plays in many ecosystems, often greater than that of 
other fish of commercial or angling importance such as the brown trout, 
Salmo trutta L . They also provide an interesting demonstration of the 
ways in which Cottus gobio adapts to take advantage of the prevailing 
environmental conditions (Mann, Mills & Crisp in press). 
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Habitat 
A series of careful electrofishing surveys in a small stream in Dorset 
(Welton, Mills & Rendle in press) revealed a significantly higher density 
of bullheads in areas where the substratum consisted of stones overlying 
sand (1.32 fish m- 2 ) in comparison with areas where aquatic macrophytes 
covered a silt substratum (0.34 fish m-2). Experiments in still-water 
tanks, in which adult bullheads were offered a choice between small stones 
(10-30mm diameter) and an equal area of silt covered by weed, showed 
that the bullheads displayed a statistically significant preference for the 
weed. However, the stones were preferred when their size was increased 
to between 40 and 120mm diameter. These results indicate that the 
bullheads selected the maximum degree of shelter available and that the 
small stones failed to provide sufficiently large crevices for the fish. 
Age and growth 
Age and growth-rate both vary greatly in different habitats (Table 
1.) Growth was most rapid (fish reaching a length of 50mm or more by 
their first birthday) in two hard-water streams and one lake. These hard 
waters contain high concentrations of dissolved calcium carbonate (CaC03) 
derived chiefly from surrounding chalk or limestone. They are usually 
alkaline (pH 8.0) and promote good growth of plants and algae. In soft-
water rivers and lakes where the calcium concentrations were low and the 
water acid, growth was slower; here the bullheads attained lengths between 
36 and 45mm when one year old. Trends in longevity are in the opposite 
direction however, with the oldest fish surviving only three or, in one 
case, four years in the hard waters and from four up to ten years in soft 
waters. The largest bullheads recorded came from these long-lived, soft-
water populations, the largest individual of all being a 123mm long ten-
year-old male caught in Nether Hearth Sike in the headwaters of the River 
Tees (Cumbria). 
Population density, biomass and production 
There are considerable differences in the density (number m- 2 ) and 
biomass (grams m- 2 ) of bullhead populations in different habitats. Both 
are generally low in soft-water upland streams in Cumbria (Table 2), 
especially in the uppermost reaches. The highest values recorded are 
from Dorset chalk streams, the maximum density being 75 fish m - 2 (includ-
ing juveniles) in the River Tarrant (Table 2). The production of bull-
heads (the total elaboration of new tissue over a year, regardless of its fate) 
was also highest in these habitats, sufficiently so to produce high ratios of 
production to biomass (Table 2). These turnover ratios (P/B) result from 
the high mortality and growth rates of bullheads in these chalk 
streams. In those habitats in which the population biology of the bullhead 
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has been investigated in detail (streams and small rivers only), the bullhead 
contributes substantially to total fish production. The contribution is 
greatest, averaging 68%, in productive southern chalk streams (Table 2), 
which are better known for the presence of brown trout. The bullhead 
is likely to be of lesser importance in large rivers and lakes where it is 
probably common only in the shallow margins. 
Reproduction 
At the start of the spawning season the male bullhead enlarges the space 
under its stone to enable it to accommodate a female. Within 20-30 hours 
of entering the nest, the female spawns a clump of sticky eggs (1.5-2.0mm 
diameter), usually on the roof of the nest (Smyly 1957). Several batches 
of eggs at different stages of development and laid successively by different 
females may be found in the nest of a single male bullhead. After the 
departure of the females the male remains in the nest until the eggs 
hatch. The incubation period is dependent on temperature but takes 
about four weeks at 10°C. During incubation the male fans water over 
the eggs by rhythmic pectoral fin movements. In the absence of this 
fanning the eggs soon die, presumably as a result of a shortage of 
oxygen. Although the male will drive off other male and immature female 
bullheads during incubation, Fox (1978a) found that, in a Dorset chalk 
stream, predatory invertebrates were able to enter the nests. Damaged 
eggs were found in 94% of egg batches and a minimum of 9% of all of the 
eggs were lost in this manner. By means of feeding experiments, Fox was 
able to relate the type of damage shown by the egg-shells to particular 
species of caddis larvae, with Halesus digitatus (Schrank) and Potamophylax 
cingulatus (Stephens) being the most voracious. 
Smyly (1957) suggested that in lakes, bullheads migrate into deeper 
water to spawn, and Armitage (FBA River Laboratory, personal communic-
ation) found several egg-masses spawned inside a sampling enclosure which 
had been positioned at a depth of over 20 m in Cow Green Reservoir, 
Cumbria. Avoidance of predators, the damaging effects of wave action 
along the shore or, at Cow Green, avoidance of loose unstable deposits of 
silt and peat in the littoral zone are all possible reasons for such a migration 
but as yet no conclusive evidence exists to support any of these hypotheses. 
As with other aspects of life-history, there are differences in reproduction 
between bullhead populations from northern soft waters and southern 
hard waters (Mann & Mills 1979). In the latter habitat nearly all fish are 
sexually mature at one year old (Table 1) and there is a protracted spawning 
season extending from February to June. In the high-altitude headwater 
streams of the River Tees, the breeding season is restricted to late April 
and the first week in May, no one-year-old fish are sexually mature (Table 
1) and some females do not spawn until they are three years old (Crisp, 
Mann & McCormack 1974, 1975). It is also clear that, for a given size, 
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FIG. 1. Size-frequency histograms of oocytes in the ovaries of ripening female bullheads 
Corns gobio (55-65 mm length). The unshaded block represents transparent 
primary oocytes; the dotted block represents yellow secondary oocytes; and the 
hatched block represents orange yolky oocytes, (a) River Tees fish killed prior to 
the 1975 spawning season, (b) Bere Stream fish also killed prior to the 1975 spawning 
season, (c) Bere Stream fish killed four days after spawning one batch of eggs, (d) 
Bere Stream fish killed 33 days after spawning one batch of eggs, (e) Bere Stream 
fish killed 25 days after spawning its second batch of eggs. (Redrawn from Fox 
1978b, and used with the permission of the author and the Fisheries Society of the 
British Isles.) 
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a chalk-stream bullhead lays larger batches of eggs than do bullheads from 
other populations (Table 1). Fox (1978b) made a detailed comparison of 
the reproductive cycle of female bullheads from Teesdale and Dorset 
streams. He demonstrated that, whereas mature River Tees females 
spawned only one batch of eggs annually, the Bere Stream fish were 
fractional spawners. In each female, successive groups of secondary 
oocytes ripened and were shed during the spawning season (Fig. 1). 
One individual 65 m m female, kept in a tank by Fox (1978b), laid four 
egg-masses with a total of 959 eggs. Thus the southern bullheads lay 
both more batches of eggs and more eggs per batch than do northern fish. 
Life-history strategies 
We have seen that populations of C. gobio in contrasting habitats differ 
in terms of their age-structure, growth and reproduction. Productive 
hard-water habitats with high average water-temperatures ( 10-11°C in 
Dorset chalk streams) support large bullhead populations in which individ-
uals grow rapidly, are short-lived, mature early and spawn several batches 
of eggs each year. Unproductive soft-water habitats with low average 
water-temperatures (6-7°C in the River Tees) support sparse populations, 
the growth rate is slow and individuals are long-lived, mature late and 
spawn only once each year (Tables 1 & 2). 
Conventional theories of life-history evolution predict that in harsh and 
variable environments natural selection will select those individuals with 
a genetic predisposition to early maturity and a high reproductive effort 
despite the almost inevitable cost of reduced growth and increased adult 
mortality. In more equitable habitats, especially those where individuals 
are subject to strong density-dependent constraints (chiefly competition 
for food and space), favoured traits include delayed maturity and lower 
reproductive effort. In the soft-water upland streams, reproductive suc-
cess is extremely variable as a result of severe spring spates, which some-
times cause catastrophic mortalities of eggs and larvae (Crisp et al. 
1975). In contrast, the climate and bullhead age-structure in the southern 
streams are extremely stable and the population densities are very high 
(Table 2). Mann & Mills (1979) suggested that this clear disagreement 
between conventional theory and the evidence from bullhead populations 
could be explained by recent developments in life-history theory. These 
suggest that, where fluctuations in the mortality of immature individuals 
are greater than those of adults, there should be selection for a reduced 
reproductive effort spread over several years. An alternative hypothesis 
is that the clear-cut differences in the life-histories of bullheads between 
different environments are a direct result of environmental factors such as 
food-supply and temperature, rather than a result of selective pressures 
operating over many generations. T o investigate these possibilities fur-
ther, Mann, Mills & Crisp (in press) performed a series of reciprocal 
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transfer experiments. Bullheads were obtained from Scur Beck, a soft-
water tributary of the River Tees in Co. Durham where the fish lay only 
a single batch of eggs each year. They were reared in small channels in 
Dorset alongside, but separate from, fish from the Bere Stream, a Dorset 
hard-water stream. These channels were fed with groundwater from the 
chalk aquifer at a constant temperature of 10 °C and containing a high 
concentration of dissolved calcium carbonate (100mg l - 1 C a + + ions). The 
fish from Scur Beck laid an average of 2.6 batches of eggs compared with 
3.4 batches from the Bere Stream fish. On average the Scur Beck fish 
laid 297 eggs per batch (712 in total) and the local Bere Stream fish 357 
(1110 in total). In relation to parental weight the Scur Beck fish laid 126 
eggs g _ I and Bere Stream fish 192 eggs g - 1 . Bullheads from the Dorset 
hard-water stream reared in cages at Hury Reservoir, Cumbria, shed an 
average of only 0 7 5 batches of 121 eggs or only 33 eggs g - 1 fish 
weight. The Scur Beck fish reared in Dorset had both the highest growth 
rate and the highest death rate during this series of experiments. These 
results suggest that there is a strong environmental influence on bullhead 
life-history tactics and that any genetically determined differences are 
overshadowed by the effects of food availability and temperature. These 
environmental variables have been suggested as explanations for the faster 
growth of the bullhead in Windermere compared with the River Brathay, 
one of its principal supply streams (Smyly 1957) (Table 1). The lake fish 
also mature earlier and lay more eggs. 
Crisp, Mann & Cubby (in press) describe changes in a bullhead popula-
tion in the River Tees, Cumbria, following construction of a regulating 
reservoir at Cow Green. After impoundment, temperature fluctuations 
in the river below the dam were dampened considerably and the sudden 
spates and very low summer flows characteristic of the pre-impoundment 
flow regime were prevented. Comparison with pre-impoundment data 
and a nearby unregulated stream showed that, whereas river regulation 
had not altered growth rates significantly, population density had increased 
owing to enhanced recruitment of juvenile bullheads. The fecundity of 
individual females of a given size was reduced, possibly as a result of 
increased competition for food. 
Thus many environmental factors can operate to alter the life-history 
and the population structure of the bullhead. However there always 
appears to be a cost to fast growth and high reproductive effort in terms 
of high mortality rates (Table 1), possibly as a result of accelerated ageing 
processes. 
Feeding 
The bottom-dwelling habit of C. gobio has already been discussed and 
Table 3 demonstrates that the diet of the bullhead consists almost exclu-
sively of benthic organisms. A more detailed analysis of the weight of 
organisms eaten by bullheads in the Bere Stream, Dorset (Mann & Orr 
1969 and Mann unpublished data), shows a considerable annual variation 
in diet (Fig. 2). From October to December and, to a lesser extent, 
from January to March, the crustaceans Gammarus pulex (L.) and Asellus 
aquaticus (L.) form by far the most important group of organisms in 
the diet. Gastropods followed a similar pattern. During the summer 
months, the nymphs and larvae of aquatic insects predomin-
ated. Similarly in the Willow Brook, Northamptonshire (Morris 
1965), and in Windermere (Smyly 1957), Gammarus pulex was the most 
FIG. 2. Seasonal variations in the diet of the bullhead, Corns gobio in the Bere Stream, 
Dorset, data from three sites combined. T h e results are expressed as the weight of 
each class of food organisms as a percentage of all the stomach contents each month. 
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important component of the bullheads' winter diet and in the River Bra-
thay, Windermere (Smyly 1957), Afon Llafar (Morris 1965) and the River 
Frome (Welton et al. in press) there were summer peaks in the importance 
of Ephemeroptera nymphs. There were peaks in the consumption of 
Plecoptera nymphs in spring and summer. In the unproductive waters 
of the Afon Llafar, Windermere and River Brathay, Trichoptera and 
Chironomidae larvae were eaten in all of the habitats (Table 3) and, 
where peaks of importance occurred, these were mostly in spring and 
summer. Asellus sp. was a major food item only in hard-water habitats, 
especially in the Willow Brook and in the River Frome (Table 
3). Although the importance of organisms in the diet will reflect to some 
extent their abundance in the environment, there is only one published 
study in which bullhead diet is compared with the composition of the 
benthic invertebrate fauna (Welton et al. in press). This study revealed a 
significantly higher proportion of Asellus aquaticus in the stomachs than 
in the environment on all sampling occasions. G. pulex, Trichoptera, 
Ephemeroptera, Simuliidae and Coleoptera were also present in signifi-
cantly higher proportions in the stomach on at least one occasion. Gastro-
poda and Oligochaeta were consistently selected against. The results for 
Chironomidae varied but on most occasions they showed no significant 
differences in proportion between the benthos and stomachs. 
The food of the bullhead comprises chiefly larger and more active 
benthic organisms, in contrast to its main benthic rival the stone-loach, 
Noemacheilus barbatulus (L.) (Welton et al. in press). This choice of prey 
accords with Smyly's (1957) observation that only moving animals are 
stalked and eaten by the bullhead, which indicates that it is a visual 
predator despite its main periods of activity being during the twilight 
hours of dawn and dusk. Crepuscular feeding is a common phenomenon 
amongst freshwater fish; the morning and evening rises of brown trout are 
familiar to anglers. It is usually argued that the fish are responding to 
increased invertebrate activity levels but, as already mentioned, in the case 
of C . gobio it may be related to predator avoidance. 
The available evidence on bullhead diet fails to support the persistent 
claim that the species is a serious predator of the eggs and larvae of 
salmonids. Smyly (1957) examined large samples of fish from the vicinity 
of several salmonid spawning sites and failed to find any eggs in the 
stomachs. Furthermore, out of 1125 stomachs of chalk-stream bullheads 
examined by Mann & Orr (1969), only one contained a trout fry and none 
contained trout eggs. Possibly the idea that bullheads are egg-predators 
arises from careless examination of ripe female bullheads, distended with 
their relatively large orange eggs. This has happened in the presence of 
the authors on more than one occasion. 
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Conclusion 
With over 20000 species described, the bony fishes (teleosts) are the 
most successful group of vertebrate animals. Part of this success is attribu-
table to their wide adaptive radiation which has enabled the group to 
colonize most aquatic habitats. Particularly in temperate freshwaters, 
many of the species retain sufficient adaptability to survive in a wide range 
of environmental conditions. T h e bullhead and the trout epitomize this 
high level of adaptability. T h e evidence to date suggests that, in the 
bullhead, the prevailing environmental conditions result in considerable 
modifications in longevity, growth-rate and egg-production. It also indica-
tes that the advantages of fast growth and high reproductive effort in 
favourable habitats are offset, at least partially, by increases in mortality. 
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